The effect of IB element additions [Ag] on the corrosion behavior of AlZn alloy has been investigated. The potentiodynamic polarization curves revealed that the corrosion behavior of SSAl, SSZn and AgZn3 phases was significantly influenced by IB element content. The electrochemical investigations showed that the corrosion rate increased with the IB-element additions. Furthermore, it was also evidenced the formation of a passive layer for the highest Ag content alloys; the passivity of this layer could be broken due to the presence of the intermetallic compound (IMCs) AgZn3.
Introduction
AlZn alloys exhibit attractive physical, mechanical and superplastic properties in conjunction with good abrasion and wear resistances, making them the choice for many end-use applications [1] .
The addition of small amounts of silver to some aluminum alloys acts to exert a marked effect on their structure and microstructural characteristics. However, limited studies address the corrosion behavior of these alloys. The addition of small amounts of copper to AlZn alloy increases the tensile strength, creep strength and corrosion resistance; on the contrary, copper causes dimensional instability [2] .
Other elements, such as Cr, Mn and Zr are generally added to control grain structure and weldability, mainly. However, few studies have been reported about the corrosion behavior taking into account the effect of several microconstituentes. The mechanical, corrosion and metallurgical properties of these alloys vary according to their chemical composition and microstructure.
Microstructural modification in conjunction with processing methods could enhance the corrosion susceptibility as well as the corrosion resistance [3] . Therefore, the main goal of this work is to investigate the influence of IB element (Ag) contents on the redox reaction behavior of Al-Zn alloy, especially in the corrosion performance. The electrochemical parameters of the AlZnAg alloys were deduced by potentiodynamic polarization curves.
Methodology Experimental
Alloys were prepared by melting Al and Zn (ingots 99.8%) pieces in a steel crucible, in a resistance electrical furnace at constant temperature of 700˚C.
A flux mixture of salts was used to avoid contact with the environment preventing elements oxidation. In addition, in order to compensate some oxidation losses, 3 wt% Al and 10 wt% Zn were added in excess to the molten bath. Four different Ag contents (0.5, 2.5, 3.5, and 4.5 wt%) were added to the AlZn melt alloy. Molten Ag was directly added to the AlZn melt alloy via refractory feeder tip into the steel crucible at 1150 rpm during 15 minutes in order to achieve better homogenization. The AlZnAg melt was poured into a steel mold to form ingots of 100 mm × 150 mm × 20 mm.
Their nominal chemical composition was obtained by ICP presented in Table 1 . The samples surfaces have been prepared by the standard technique of grinding with SiC up to 1000-grade emery paper and mechanical polishing with Al 2 O 3 suspension solution. The working electrode surfaces from every AlZn alloy were degreased in acetone; washed thoroughly in double distilled water and kept in a desiccator prior to immersion and potentiodynamic polarization tests. A saline solution, 3.5% NaCl, prepared from analytical grade reagents with deionized water was utilized during 1, 3, 7, 14 and 28 days for weight lost tests.
AlZnAg specimens were cut in squares samples. Afterwards, specimens were cleaned by immersion in a solution of 50 vol% nitric acid (HNO 3 ) for 3 min in accordance with ASTM Standard G31 [4] . Finally, samples were dried in a hot stream air before weighting.
The weight loss estimation were conducted according to the ASTM G1-90 [5] recommended practice. Potentiodynamic polarization curves were carried out in electrochemical cell using the three-electrode set-up. A saturated calomel reference electrode (SCE) was used to measure the corrosion potential. A platinum wire auxiliary electrode was used as counter electrode. Working electrodes were embedded in epoxy resin with an exposed surface area of 1 cm 2 . Polarization test was carried out in a corrosion cell containing an aerated substitute ocean water electrolyte, prepared with analytical grade reagent NaCl and deionized water, with an initial pH of 8.3 according to ASTM D1141 [6] .
The potentiodynamic current-potential curves were recorded by changing the working electrode potential from −700 mv to +700 mV at open-circuit potential (OCP), E corr , with 1 mV·s −1 scan rate at 22˚C. In order to determinate the current density i corr , the polarization resistance measured from the test was used in the StearnGeary equations [7] as shown in Equation (2) 
The B constant is determined using both cathodic and anodic branches by anodic and cathodic Tafel slopes β a and β c by Equation (1) . R p corresponds to the polarization resistance, that is, the ratio between the potential shift ΔE and the corresponding current change Δi in an experimental polarization test within a few millivolts of the corrosion potential. Figure 1 shows the polarization curves for AlZnAg alloys in 3.5% NaCl solution. Polarization curves are the relationship between the applied potential (E app ) with current density (i) generated with the working electrode AlZnAg, and the counter electrode. The AlZnAg with 3.5 and 4.5 wt% Ag showed the lowest E corr values close to −1200 mV; an active-passive behavior was identified along the anodic branch. On the other hand, alloys with 2.5 and 0.5 wt% Ag content did not exhibit passive regions, only active dissolution with an E corr value close to −1100 mV was detected. The corrosion current density value, i corr, increased at higher Ag content. The lowest i corr value, 3.8 µA/cm 2 , corresponds to 0.5% Ag. On the contrary, the highest value, 12.3 µA/cm 2 , is ascribed to 4.5% Ag. The passive current density values became smaller as function of the Ag percentage. Thus, it is clear the beneficial effects of increasing the Ag contents in AlZn alloys in the passive region formation. As expected, at open circuit potentials (OCP) the corrosion rates increased.
Results and Discussion
The OCP's values shifted to anodic direction. However, as the polarization increases and the passive region were trespassed, it is shown that the anodic current density values were very similar for all alloys regardless the Ag content. This behavior suggests that corrosion process is diffusion-controlled through the formed corrosion products. Therefore, these results evidence that the Ag addition does not have a suppressing effect on the anodic reaction as Cr, Cu, Ni and Ca in steel does [8] . In a similar way, it was reported [9] that the increase on silicon content on AlSi alloys provides a deteriorate effect on the corrosion resistance.
Concerning the cathodic branch, the potentiodynamic curve reveals that the cathodic density currents were similar for all AlZn alloys (0.5, 3.5 and 4.5 wt% Ag); however, the AlZn-2.5%Ag alloy showed the lowest value. It is generally accepted that cathodic polarizations represents the oxygen reduction and hydrogen evolution reactions [8] in aerated saline media. Figure 2 shows the AlZnAg corrosion rates determined by weight loss estimation in function of time in 3.5 wt% NaCl solution. The four AlZnAg alloys had a slow corrosion rate during the first 72 hours; afterwards, different dissolution processes were achieved. AlZnAg samples revealed that the corrosion rate increases as the Ag content and duration times also increased. This is in agreement with the well-known statement that "internal structure of an alloy controls and modifies the nature and interaction type of the existing defects" [3] .
The AgZn 3 particles seem to be responsible for the corrosion action due to the fact that they act as local anodes susceptible to localized corrosion. The AgZn 3 precipitates represent sites for disruption of any air-formed oxide that protects the alloy; as a consequence the protective film can be broken, exposing the underlying AlZnAg alloy to further corrosion. As expected, alloys with 3.5% and 4.5% Ag content had the highest AgZn 3 phase content which reported the highest corrosion rates. In addition another consideration should be noted for the alloy with 4.5 wt% Ag which exhibited an unexpected corrosion rate.
In accordance to the trend shown in Figure 2 , this alloy should have exhibited both the highest weight loss and the highest corrosion rate; however, results along the test did not show this behavior; on the contrary, this alloy enhanced its corrosion resistance compared to 3.5 wt% Ag. This behavior is probably associated to the fact that 4.5 wt% Ag decreased the solubility of Zn within the Al matrix. Then, this led an increment in size of AgZn 3 particles reducing the number of IMCs. This explanation makes consistency with Saad et al., who reported the enhancement in corrosion resistance when Ag is added to the Zn-Sn eutectic alloy [10] . Because Znrich phase decreases an increment of the solubility in solid solution of Zn in the Al matrix by Ag addition was observed.
Conclusions
The Ag addition improves the formation of a passive region. The positive effect is more evident at higher Ag contents (3.5 wt%). The AgZn 3 precipitate activates the corrosion process of the alloy. The amount of precipitate also varies with the Ag addition.
The Ag addition up to 3.5 wt% clearly increased the corrosion rate but it induced a passive region.
